Microstructure, elastic properties and deformation mechanisms of horn keratin.
The structure and mechanical properties of the horns from a desert bighorn sheep, Ovis canadensis, were examined. Horns must be strong and durable as they are subjected to extreme loading impacts, making them superior structural materials. Horns are composed of alpha-keratin, a fibrous, structural protein found in hair, nails, claws and hooves. Horns have a lamellar structure (2-5microm in thickness) stacked in the radial direction with tubules (approximately 40x100microm in diameter) dispersed between the lamellae, extending along the length of the horn in the growth direction. Compression and bending tests were conducted in both rehydrated and ambient dried conditions. The yield strength and elastic modulus are anisotropic and are correlated with the orientation of the tubules. Rehydrated samples showed significant loss of strength and modulus. Microscopy of fractured samples revealed several toughening mechanisms: delamination and ligament bridging in bending and delamination and microbuckling of the lamellae in compression.